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INTRODUCTION
Humpback whales (Megaptera novaeangliae (Borowski, 1781)), undertake long annual migrations between winter low-latitude breeding grounds and summer high-latitude feeding areas (Clapham 2000) . Northern Hemisphere humpback whales travel from feeding areas in mid to high latitudes to tropical breeding grounds such as Hawaii and the West Indies, often without encountering continental shorelines (Baker et al. 1986; Smith et al. 1999; Stevick et al. 2003; Calambokidis et al. 2008) . In contrast, Southern
Hemisphere humpback whales predominantly migrate along the extensive continental coastlines and near-shore islands of South America, Africa and Australia, en route to and from tropical breeding grounds (Chittleborough 1965; Dawbin 1966 Dawbin , 1997 . Dawbin (1966 Dawbin ( , 1997 using whaling data, investigated and described the timing and temporal segregation of reproductive and maturational classes of humpback whales during the Southern Hemisphere migrations.
The sex ratio in humpback whale populations does not vary significantly from parity (Clapham 2000) . However, several studies have reported site-specific sex ratio variation from parity at various stages of the migration. Herman et al. (2011) found a male-biased sex ratio in the Hawaiian breeding grounds. They undertook a comprehensive review of previous studies reporting male-biased sex ratios and discussed the reasons for the worldwide occurrence of male-biased sex ratios in winter breeding grounds. Brown et al. (1995) reported a male-biased sex ratio off Stradbroke Island, southeast Queensland widely between the outer Great Barrier Reef and the Australian coast (Paterson 1991) .
Previous studies suggested that the large inter-reef lagoon of the Great Barrier Reef, between 16 0 S and 23 0 S, represents the primary overwintering and breeding grounds of eastern Australian humpback whales (Simmons and Marsh 1986; Paterson 1991; Smith et al. 2012) . On the southward migration, large numbers of humpback whales make a slight diversion from the southern migratory pathway and pass inside Great Sandy Spit to enter Hervey Bay (Paterson 1991) . They aggregate in shallow waters close to the western shore of Fraser Island in the eastern part of the bay and enter and leave Hervey Bay from the north (Corkeron 1993; Corkeron et al. 1994; Franklin et al. 2011) . The residency time of humpback whales visiting Hervey Bay is around one and a half to two weeks (Franklin 2014) . Hervey Bay is neither a calving ground nor a terminal destination, but rather a stopover early in the southern migration (Franklin et al. 2011; Franklin 2012) .
Past aerial surveys have shown that within Hervey Bay pods aggregate in non-random clusters (Corkeron 1993) . Corkeron et al. (1994) suggested that the clustering of pods may be related to social factors. However there were no data indicating that Hervey Bay was of importance to any particular class of humpback whale. Franklin et al. (2011) investigated pod characteristics in Hervey Bay and reported that pod size and composition varied significantly during August, September and October. Pod composition in August appeared to be related to the presence of mature females and D r a f t 5 immature males and females. During September and October mothers with calves dominated pod composition, accompanied by few escorts.
In this study we use long-term resighting histories of 361 individually identified humpback whales derived from photo-identification in Hervey Bay between 1992 and 2009. We use these data to investigate the relative timing of age, sex, reproductive and maturational classes of humpback whales using the bay during August, September and
October. The importance of Hervey Bay for particular classes of eastern Australian humpback whales during the southern migration is discussed. Sex-bias, site-specific habitat preference and differential migration of females and males at a migratory stopover and along migratory corridors are also discussed. Island is 126 km long; it lies along a northeasterly axis and its northern end bridges the continental shelf (Ribbe 2014 , also see Figure 2 ). The study area is located in the eastern bay against the western shore of Fraser Island (Fig 1) . The study area is approximately 27.8 km from Urangan Boat Harbour, Hervey Bay (Fig. 1) . Fieldwork was planned for 6 d each week, leaving Urangan harbour at 0800 each Sunday and returning at 1500 the following Friday. Planned daily operations were from 0930 to 1700 on Sunday, 0700 to 1700 Monday to Thursday, and from 0700 to 1330 on Friday.
METHODS AND DATA

Study area and timing of surveys
Field observations
A pod was defined as either a lone whale (singleton) or two or more humpback whales swimming side-by-side within one to two body lengths of each other, generally moving in the same direction and with coordinated speed of travel (Whitehead 1983; Clapham 1993; Corkeron et al. 1994 ).
Pods were chosen for observation on a 'first pod available' basis with no a priori selection of any particular pod class. During the weekly study period a variable overnight anchorage within the study area was selected on the basis of the location of the final pod observed, weather conditions and tidal movements. Each morning, subject to weather and sea-state conditions, travel was commenced along a different transect each day until a pod was sighted. However, if information about the location of pods was available from one of the local commercial whale-watching vessels, travel was D r a f t commenced toward that location. If a pod was sighted en route, it was selected for observation.
We were supported each season by research assistants who were undergraduate students or graduates participating in environmental or marine science degrees at Southern Cross University and/or other Australian and overseas universities. Weekly volunteer interns were rostered and supervised by the research assistants to assist with fieldwork. A minimum of six interns were rostered on morning and afternoon shifts. The roster duties were to scan and search for pods, take field notes, GPS readings, weather and environmental readings and to complete the daily data entry.
Each pod selected for observation was assigned an identification code. Data collected during observations included date, time and GPS location at commencement, every 15 minutes during and at completion of the observation. The number of individuals, composition and surface behaviors of pods (continuous sampling; Altmann, 1974) were recorded. Information on sex-identification was obtained where possible (see definitions below for sex-identification methods). All pod and observation data were recorded daily in field notes and entered into a FileMaker Pro database each evening.
Photo-identification procedure
The aim of the field photography was to obtain information to identify individual humpback whales within pods. Consequently, photographs of the ventral fluke patterns, dorsal fins and lateral body markings were obtained where possible of each individual in each pod (Katona et al. 1979; Katona and Whitehead 1981; Hammond 1986 If not matched, it was then subsequently compared with photographs within adjacent categories. As the majority of flukes were predominantly all-white (63.5%, Franklin 2012) the shape and coloration of the trailing edge and notch were also important characteristics in the matching process (Carlson et al. 1990; Mizroch et al. 1990; Blackmer et al. 2000; Friday et al. 2000) . Dawbin (1966 Dawbin ( , 1997 , Franklin et al. (2011) and Franklin (2012) and classified in accordance with the definitions below.
Definitions for class categorization, sex identification and peak density
Male sex identification: was determined by either unequivocal observation and/or photography of their genital area, or inferred as a male when observed in the social role of escort to a lactating female (see definition below), a singer, or a principal member of a competitive group (Tyack 1981; Glockner and Venus 1983; Baker and Herman 1984; Clapham et al. 1992; Herman et al. 2011) . The presence of extensive vertical and horizontal scratch marks on the left and right lateral body, was also used in conjunction with the behavioral observations, to infer that an individual was a male (Chu and Nieukirk 1988) .
Males observed both as escorts and not in the role of escorts: males were identified as escorts when observed accompanying a female with calf and were classified 'with lactating female'. When the same males were observed either within or between seasons in pods with no calves present they were classified as 'not with lactating females'.
Male maturational status -known mature or unknown maturity: males were determined to be socially and sexually mature if the time between first sighting and subsequent resightings exceeded six-years and were classified as 'known mature' (Chittleborough 1965; Clapham 1992; Gabriele et al. 2007) . If the time between first sighting and subsequent resightings of a male was six-years or less they were classified as 'maturity unknown'.
Female sex identification: was determined by either unequivocal observation and/or photography of their genital area and the presence of a hemispherical lobe posterior to the genital slit (True 1904; Glockner 1983) , or inferred as female when observed in a constant and close relationship with a calf (Tyack and Whitehead 1983; Clapham et al. 1999; Herman et al. 2011) .
Females lactating and non-lactating: females observed in a constant and close relationship with a calf (Tyack and Whitehead 1983; Clapham et al. 1999; Herman et al. 2011 ) were inferred to be lactating. When the same females were observed in other seasons in pods with no calves present they were classified as 'non-lactating'. If individual females were observed only in pods in a constant and close relationship with a calf throughout their resighting histories, they were classified as 'only lactating'. If individual females were observed only in pods with no calves present throughout their resighting histories and were sex-identified by genital observation, they were classified as 'only non-lactating'.
Females maturational status -known mature or unknown maturity: females classified as 'lactating' were determined to be both socially and sexually mature and classified as 'known mature'. Females classified as 'only non-lactating' were determined to be socially and sexually mature and classified as 'known mature' if the time between first sighting and subsequent resightings exceeded six-years (Chittleborough 1955 (Chittleborough , 1965 ;
relative to adults, but too large to be calves of the year (Clapham et al. 1999; Craig et al. 2003 ).
Known-age whales were classified as male or female from genital observations or, if no genital observations were available, classified as sex unknown. They were then further categorized into four age categories: sightings as calves (male, female or unknown sex);
sightings as yearlings, (male, female or unknown sex); sightings as 2 to 6 year olds (male, female or unknown sex); and sightings from year seven onwards, 7+ years (male and female). Sightings of known-age individual whales (males, females and unknown sex) first sighted as calves, yearlings, or from 2 to 6 years were categorized as 'known immature' and sightings of the same whales that exceeded six years, or if they were females observed lactating, were categorized as 'known mature'.
Peak density: is the model estimated mean occurrence, day within season, of the sightings of each of the sex, age, reproductive and maturational classes analyzed in this study.
Statistical analysis and modeling
We constructed a database for the sightings of the individually identified whales in each class to investigate their timing during August, September and October. Separate variances were fitted for the seven classes in the random effects part of the model. In the multilevel model for mean day within season, the data were modeled as a sample of sightings on each of a sample of whales.
Ten comparisons between classes were planned to investigate the relative timing and likely association of classes during August, September and October. Based on the temporal segregation of migrating humpback whales described by Dawbin (1966 Dawbin ( , 1997 , the first seven of these comparisons were expected to yield significant mean differences, while the last three were not. Each comparison was tested against a
Bonferroni-adjusted p-value of 0.005 to yield an overall alpha level of 0.05 for the ten tests.
RESULTS
Collection effort and photo-identification matching
Fieldwork in Hervey Bay was conducted for 181 weeks, involving 1,014 operational days and 8,122 hours of field observations from 1992 to 2009 and weekly effort was constant in all years (Table 1) . (Table 1) The 1992 
Assignment of individually identified whales to classes and sex ratio
There were 361 of the 578 individually identified whales with resighting histories, which could be assigned to classes and analyzed in terms of sex, reproductive category and maturational status (summarized in Table 2 and Table 3 ).
There were 262 resighting histories of individually identified females and 89 males (Table 2 ). The seasonal sex ratio of females to males in Hervey Bay was 2.94:1. There were also 10 resighting histories of individually identified known-age whales of unknown sex (Table 2 ).
( Table 2 )
Statistical analysis
There were a total of 2,131 sightings, within and between seasons, of the 361 individually identified whales 1 . The results and statistics for each class are reported (Table 3) Sightings of known mature males not observed with lactating females (Fig. 3a) were less common during August, and peaked during September. Sightings of those same males when with lactating females (Fig. 3b ) occurred mainly in September and early October, with very few sightings in August. Mature males leave Hervey Bay approximately 3 to 4 days before the last of the lactating females (Fig. 3a, 3b and 3d ).
Sightings of males of unknown maturity not with lactating females (Fig. 3c) occur from D r a f t early August through September and into early October. The spread of this class suggests that it may be composed of both immature and some mature whales. Sightings of lactating females (Fig. 3d ) occurred mainly in September and October and these whales were rarely observed in August. Sightings of non-lactating females occurred predominantly in August with decreasing sightings during September and very few sightings in October (Fig. 3e) . Although there is overlap of sightings of lactating females ( Fig. 3d ) and non-lactating females (Fig. 3e ) in September and less in October, there is a clear segregation of these two classes.
The sightings presented in Fig. 3f , 3g and 3h are of the same known-age individual whales. The data show that calves sighted in September and October as expected, coincide with the sightings of lactating females ( Fig. 3d and 3f ). They return in subsequent years as yearlings and immature whales in August or early September ( Fig.   3f and 3g ). As mature whales (7+ years) they are sighted in late August through September and early October (Fig. 3h ).
Multilevel modeling of classes
The class factor was found to be highly significant (F 6, 46 .57, = 155.90, P < 0.0001). The model-estimated means (peak density of each class), their standard errors, degrees of freedom and 95% confidence intervals are reported (Table 4 ) and the results of the ten planned comparison tests between the classes are also reported (Table 5 ).
( Table 4) ( Table 5 )
The first seven comparisons were all highly statistically significant and the last three comparisons were non-significant, with all ten tests meeting the Bonferroni-adjusted pvalue of 0.005.
Reproductive category of selected females based on long-term resighting histories
Of the 252 individually identified females in the database (Table 2) , 111 (44%) had adjacent year sightings and were able to be assigned to more specific reproductive categories, which are reported (Table 6 ). These more specific reproductive categories
were not used in the statistical analysis and modeling above. The results are used when discussing non-lactating and lactating females.
( Table 6) There were 62 occurrences of resting and early pregnant females: 49 (79%) in August;
12 (19.3%) in September and 1 (1.6%) in early October. There were 24 occurrences of either resting or early pregnant females: 12 (50%) in August; 9 (37.5%) in September and 3 (12.5%) in early October.
There were 50 occurrences of lactating and post-partum pregnant females (i.e. mature females simultaneously lactating and pregnant). Twenty-four individuals had one postpartum pregnant occurrence, 10 had two and 2 had three. Of the 50 post-partum pregnant occurrences: 39 (78%) were observed during September and 11 (22%) were observed during October. Hervey Bay (Fig. 1) , suggesting that maternally directed philopatry may be a factor in the sex ratio evident in Hervey Bay.
Maternally directed philopatry
Photo identification studies of individual humpback whales over long time periods have documented maternally directed philopatry and site-fidelity to summer feeding and winter breeding destinations (Martin et al. 1984; Clapham and Mayo 1987; Baker et al. 1990; Katona and Beard 1990; Clapham et al. 1993; Palsboll et al. 1997) . Franklin et al. with the above relevant factors, indicates that mature females began using the wide shallow embayment of Hervey Bay in the early 1990s as an extension of the primary overwintering grounds to the north. Therefore, it is highly likely that maternally directed philopatry contributes to the female-biased sex ratio reported in Hervey Bay.
Hervey Bay: a social and ecological niche for mature females
Hervey Bay is well to the west of the primary migratory pathway (Fig. 2) . The bay's benthic geography and environmental conditions are consistent with breeding habitats used by mature females worldwide (Rasmussen et al. 2007) . Although the eastern side of Hervey Bay provides a protected shallow habitat, entry to and from the area involves negotiation of sandbanks with strong 3 m tidal movements (Ribbe 2014 , Fig 2) .
Consequently, access to the area for calves yearlings and immature males and females is likely a learned experience from the mature females (also see Fig 2) .
This study confirms that mature females, including early pregnant and resting females, 
Sex bias in breeding grounds, migratory stopovers and migratory corridors
The sex ratio of humpback whale populations does not vary significantly from parity (Clapham 2000) . However, site-specific variation of sex ratio from parity does occur during various stages of the migration (Brown et al. 1995; Craig and Herman 1997;  D r a f t Palsboll et al. 1997; Smith et al.1999; Jenner et al. 2006; Pomilla and Rosenbaum 2006; Barendse et al. 2010; Valsecchi et al. 2010; Herman et al. 2011; Herman 2016) .
It has been suggested that individual males likely complete the migration to breeding grounds more often than females and that some early pregnant females may return to the feeding area before reaching the breeding grounds (Craig and Herman 1997) .
Herman et al. (2011) visiting Hervey Bay were highly variable, increasing from 554 in 1988, to a peak of 1040 in 1991 before declining to 921 by the mid-1990s . After the near total collapse of both the Pacific and eastern Australian humpback whale populations from commercial whaling, it was hypothesized that the social aggregation of some remaining Oceania humpback whales with the eastern Australian population may have occurred (Clapham et al. 2006; Clapham and Zerbini 2015) . It has also been suggested that sex-specific longitudinal migratory behavior and low levels of migratory interchange of eastern Australian and nearby Pacific humpback whale populations, might contribute to male-biased sex ratios in the eastern Australian migratory corridor (Valsecchi et al. 2010; Franklin et al. 2014 ). In the twenty-five years since 1992 there has been no substantiation of female humpback whales not migrating and remaining in (Ribbe 2014) . Humpback whales enter (B) and leave Hervey Bay (C) to the north and aggregate and circulate in the eastern bay, off the western shore of Fraser Island (C) (Corkeron 1993 , Franklin et al. 2011 . To enter Hervey Bay humpback whales make a slight diversion from the primary north/south migratory pathway (A) (Patterson 1991) and traverse shallow waters for approximately 40 km, contending with 3 m tidal movements and do not return to deeper water (Ribbe 2014) until they pass north of Great Sandy spit and re-join the primary southern migratory pathway (A).
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